a member of a family Alloherpesviridae comprising piscine and amphibian herpes viruses, as proposed by McGeoch et al. (2006) . The clinical symptoms of disease caused by CyHV-3 are: hyperplasia and necrosis of the respiratory epithelium of the gill (Hedrick et al., 2000; Neukirch & Kunz., 2001) , and focal necrosis of hepatocytes in the liver and glomerular cells in the kidney (Hedrick et al., 2000) .
Several groups have been reported to establish a control and prevention for the KHV disease. An effective and safe vaccine is not currently available and Chemotherapy is not applicable. Vaccination is affective in intensive culture system but most of traditional aquaculture system is carried out in semi-intensive system or recirculation aquaculture system. Moreover, use of a vaccine that are available in only Israel. Alternatively, resistance breeding to KHV has been shown among different carp strains (Shapira et al., 2005; Dixon et al., 2009) . Selection for carp lines can be used to improve growth and disease Resistance (Dixon et al., 2009) . It has been shown that hybrid crosses of common carp were less sensitive to desease than their parental groups (Hines et al., 1974) . Previous studies proposed cross-breeding as a potential method to improve fish resistance to KHV disease (Shapira et al., 2005; Hedrick et al., 2006) . Also, in a previous study from our group show that the improvement of survival rate during the KHV infection in koi and red common carp breeding group (not published data). Host defense against KHV infections includes activation of innate and adaptive immune response. Cytokines associated with adaptive immunity are included for Interleukin (IL) -2, Interferons (IFNs), IL4/13, IL-10 and TGF-β 1. IFNs are secreted proteins (cytokine) that induce an antiviral state in cells and the defense against virus infection (Samuel, 2001) . In fish, the virus induced interferons are appear to be analogues of mammalian type 1 IFNs (Aggad et al., 2009 ). An activation of the type I IFN production in carp cells interferes with the development of a CyHV-3 infection . IL-12 is produced primarily by antigen presenting cells (APC), such as macrophages and dendritic cells and following detection of pathogens via pattern recognition receptors such as Tolllike receptors (TLRs) (Watford et al., 2003; Trinchieri, 2003; Zhang & Wang, 2008) . Type I IFNs and IL-10a and IL-10b for resistance to the KHV induced disease were analyzed in carp lines (Kongchum et al., 2010 (Kongchum et al., , 2011 .
However, information of immune response and susceptibility of koi and koi×red common carp (Cyprinus carpio) to the KHV remains to be unclear. Therefore, the present study deals with immune response of important genes for KHV infection on different cross breeding in Koi and Red common carp (Cyprinus carpio).
Experimental Fish and KHV virus infection
Two strains of koi and red common carp (Cyprinus carpio) were used in this study. The breeding for koi(Cyprinus carpio) and red common carp(Cyprinus carpio) was conducted at the Inland Aquaculture Research Center, National Institute of Fisheries Science, Changwon, Korea. The Breeding experiments of cultivated koi were purchased from a local fish farm from the Gyeonggi region. In the spring, sexually mature breeders without any disease were selected for production of families. 12 females (mean weight 2.5 ± 0.5 kg) and 12 males (1.8 ± 0.4 kg) Ovulated eggs of koi were stripped and fertilized with sperm from koi and red common carp. Fish were used for the virus infection at the age of 10 months, when they weighed 10-12 g. After a 2 week adaptation in a re-circulation tank at 24℃, the fish were used for infection trials. Experiments were performed in triplicate aquaria with 3 groups: KK (koi × koi) and RK (red common carp × koi), and uninfected KK (control). There were 150 fish per group (total of 600 fish). Fish were infected by intraperitoneal injection, and kept at 24℃, and the control group was treated with saline. Fish were fed on a pellet diet and the tissue samples (kidney, liver and spleen) were collected from o h, 12 h, 24 h, 48 h, 72 h during KHV infection and preserved at -80℃ until RNA extraction. In addition, blood was collected on day 3 post infection (p.i.) for haematological changes analysis. Smears were prepared, air dried, and Giemsa stained for the cell count and morphologic examination.
Virus
The KHV strain F347 (VR-1592) was purchased from American Type Culture Collection (ATCC). The virus was incubated in common carp brain (CCB) cells. The CCB cell line was maintained at 23℃ in minimum essential medium (MEM, Sigma, Germany) and supplemented with 10% fetal bovine serum (FBS, Sigma, Germany), 2 mM L-glutamine, 100 IU mL -1 penicillin, and 100 µg mL 
RNA preparation and PCR
Each sample was homogenized in Trizol Reagent (Invitrogen) using a motorized Kontes RNase-Free Pellet Pestle
Grinder, a disposable nuclease-free plastic pestle and a 1.5 mL microcentrifuge tube, as per manufacturer's instructions, and suspended in DEPC-treated water for RT-PCR.
Total RNA integrity was verified by 1.2% agarose gel electrophoresis, and purity was assessed by A260/280 and A260/230 NanoDrop UV spectrophotometry for both the crude and column purified RNA extracts. cDNA synthesis was used for reverse transcribed into cDNA using First
Strand cDNA synthesis kit (Roche). The gene specific primers are listed in Table 1 . KHV DNA was detected using the CyHV-3-specific PCR procedure described by Gilas et al. (2002) . DNA was extracted from gills using Qiagen DNeasy Blood & Tissue kit, and PCR amplification was performed using specific primers (Table. 1) for the CyHV-3 TK and Sph I-5 gene (OIE, 2013) . The PCR products were subjected to electrophoresis in an agarose 
gel (1%), visualized by UV transillumination, and photographed.
Quantitative real time PCR analysis
Real-time quantitative reverse transcriptase PCR(RT- and RK(0.775-fold) (Fig. 2) . IL-12 p35 was expressed at significantly higher levels in RK (P < 0.05) on 48 h KHV infection compared with KK (23.89-and 0.99-fold higher than in RK) (Fig. 3) . At 48 h after KHV infection, IL-12 in RK was at 10-fold increased compared to 24 h. IL-12 is was highly expressed in RK during 48h (1.25-and 6.56-fold higher than in RK, P < 0.05) (Fig. 4) .
In the infection experiment, clinical signs and mortality started between 3 and 5 p.i. Significant difference in the mortality of fish infected KHV were observed in two groups. The KK group had 72% survival by day 40 p.i. and the final survival rate was 94% in the RK group (data not shown). Fig. 6 shows the histopathology of KHV infected liver, spleen and kidney on day 3 p.i. Necrosis of liver in the KK was more severe than in RK and in the spleen, In this study, we studied the immune response and histopathology of the two different breeding groups (KK; koi × koi and RK; red common carp × koi) infected with KHV.
In all vertebrates including fish, type I interferons (IFNs) are essential for the development the innate immune response during the virus infection (Robertsen et al., 2006) .
However there is very little information about the IFNs response to alloherpesviruses in fish (Adamek et al., 2014 ).
We previously found that different survival rate to KHV infection in two breeding groups (KK and RK) and motality started in KK on day 5. Because of the importance of early host immune response to KHV, we conducted that gene expression during the acute phase of KHV infection.
The expression of immune related genes of Koi and red common carp × koi during the KHV infection showed similar patterns to those previously reported Rakus et al., 2012; Ouyang et al., 2013; can induce IFN-γ expression in head kidney cells (Wang et al., 2014) . In our study, IL-12 p35 and TLR are significantly up-regulated at 48 h in RK compared KK. In innate immune response, viral DNA was deteceted through TLR 9 in carp and we demonstrated that TLR 9 over expression in the RK. However further information on receptor for KHV DNA will examine. We also observed that the KHV injected group, typically in the RK, showed higher WBC count (data not shown) and an increased dendritic cell (Fig. 5) .
Considering the role of IL-12 production, It is associated with RT-PCR results. The type I IFN gene expression was associated with differences in susceptibility of the rainbow trout to the infection at 72 hpi (Purcell et al., 2010) and more recent studies on rainbow trout infected with viral haemorrhagic septicaemia virus (VHSV) gave evidence that the rapid induction of a type I IFN is related on the resistance to VHSV (Verrier et al., 2012) . In a previous study, the two groups presented difference in survival rate (KK; 76% and RK; 97%) which KK group exhibited significantly shorter survival rate than in RK group and also, clinical symptoms seemed correlated with the survival rate.
Histological and immunohistochemical analysis have shown that virus induced pathogenic effects in the liver, gill and mainly in the kidney (Pikarsky et al., 2004 ) and viral protein by the infected kidney cells detected by immunofluorescence on day 3 (Shapira et al., 2005) . Kidney and spleen are considered the major and important organs in fish (Rombout et al., 2005) and represent suitable sources for immune cells such as macrophage and lymphocyte which respond to viral infection Agus & A. McColl, 2015) . Here, we show that the KHV antigen was detected in the spleen and kidney in all infected group on day 3. These results are in accordance with PCR experiments in which the viral DNA was detected as early as 3 days after infected fish (Pikarsky et al., 2004; Shapira et al., 2005) . The major histocompatibility complex (MHC) is an important component of immune response and disease resistance and although, there are many studies that MHC diversity and resistance pathogens (Rakus et al., 2009; Li et al., 2011; Zhao et al., 2012) . However, this is the fist study of the immune-related gene in Koi and red common carp × koi to the KHV. Increased resistance of RK to KHV could be associated with increased levels of TLR and IL-12 p35 in RK compared to KK. Immune gene expression increased at 48 h not in the kidney but in the spleen (data not shown). Therefore, these time were most likely responsible for delaying the spread of virus. Nevertheless, currently we are unable to explain how important the type I IFN and IL-12 response is to support a clearing of the KHV virus from the Koi and Red common carp × koi, thus, there will be addressed in our furthure studies.
Here we report the immune response of Koi and red 
